Tremendous interest has been generated in the commercial kits now available that incorporate herpes simplex virus isolation in cell culture with immunoperoxidase staining for viral antigen detection. Most studies comparing commercial kits with conventional cell culture techniques have found the kits to be less sensitive. However, different cell cultures were used for the two methods. In this study, mink lung, rabbit kidney, MRC-5, and Vero cells were compared for reisolation of herpes simplex virus from clinical specimens in which viral infectivity titers were concurrently determined. When specimens contained high titers of infectious virus, the cell system used made little difference and all specimens were detected by immunoperoxidase staining at 48 h postinoculation. However, when specimens contained low concentrations of virus, the differences in sensitivity between cell systems became apparent in rapidity of detection and overall isolation rate. Mink lung and rabbit kidney cells were both more sensitive than MRC-5 cells; Vero cells were significantly less sensitive than the other cells tested. The application of immunoperoxidase staining shortened the time to virus detection and lessened, but did not eliminate, the differences between the cell systems. Cytopathic effects alone in the most sensitive cell system equaled or exceeded immunoperoxidase staining applied in less-sensitive cell cultures.
Since the recognition of the seriousness and scope of herpes simplex virus (HSV) infections and the availability of effective antiviral therapy, there has been an increasing need for accurate and rapid viral diagnostic methods. Isolation of HSV in çell culture remains more sensitive than direct viral antigen or nucleic acid detection in clinical specimens (6, 15) . However, conventional viral diagnostic methods require experience in cell culture maintenance and in recognition of the characteristic cytopathic changes (cytopathic effect; CPE) for different virus groups. Many medical facilities that lack expertise in viral isolation techniques, yet need to provide diagnostic services for HSV, have welcomed the availability of convenient commercial kits that employ inoculation of cell culture followed in 1 or 2 days by immunoperoxidase (IP) staining with HSV-specific antibody. HSVinfected cells are thus rendered readily apparent as red-or brown-stained foci.
Most studies comparing commercial IP staining kits with conventional cell culture techniques have found IP staining at 48 h to be less sensitive than cultures observed for CPE for 7 to 10 days (4, 8, 10, 17, 18, 21) . It has been postulated but not established, that low titers of virus in the specimens account for some of the discrepancies between the two techniques. Another variable that has not been studied is the impact of the sensitivity of the cell cultures used in the kits on the results obtained. Increased isolation rate (12) and earlier diagnosis (2, 14) 
RESULTS
Comparison of HSV infectivity titers from clinical specimens in four cell culture systems. Virus infectivity titers of four specimens, two HSV-1 (1107 and 1693) and two HSV-2 (1615 and 1429), were determined by plaque assay using four different cell culture systems: GPE, ML, MRC-5, and Vero cells. Infectivity titers obtained in GPE and ML cells were consistently higher than those obtained using MRC-5 or Vero cells (Table 1 ). Subsequently, virus infectivity titers of the clinical specimens used in this study were determined in either GPE or ML cells, as indicated.
Effect of virus concentration in clinical specimens on reisolation of HSV in four cell culture systems. In the first part of this study, 34 HSV-positive specimens were reisolated in cell culture. All isolates were obtained in ML cells; however, one specimen failed to be reisolated on RK cells (3%; P < 1.0), five specimens were missed on MRC-5 cells (15%; P < 0.06), and eight specimens were missed on Vero cells (24%; P < 0.01) upon reisolation. Simultaneous determination of virus infectivity titers in these specimens in GPE cells allowed analysis of the results according to virus concentration in each sample. Specimens were divided into two groups (Table 2) , 22 with <50 PFU per 0.1-ml inoculum (range, 1 to 45 PFU) and 12 with >50 PFU per inoculum (range, 90 to 90,000 PFU). Of the 22 specimens containing <50 PFU per 0.1 ml, on day 1 p.i. 16, 10, 7, and 0 were positive in ML, RK, MRC-5, and Vero cells, respectively. On day 2 p.i., CPE was revealed in ML cells for 21 specimens, as compared with 20 for RK, 16 for MRC-5, and 3 for Vero cells. By day 5, all 22 specimens were reisolated in ML cells, 21 in RK cells, 17 in MRC-5 cells, and only 14 in Vero cells. There were no further reisolations detected after day 5. Statistically significant differences were reached between ML and MRC-5 on day 1 (P < 0.05), between MRC-5 and Vero on days 1 (P < 0.01) and 2 (P < 0.001), and between MLIRK and Vero on all days tested (P < 0.0001 to P < 0.01). The differences between ML and RK were not significant. Those specimens that were not reisolated in all four cell systems contained less than 10 PFU per inoculum.
In contrast, of those specimens containing >50 PFU per 0.1-ml inoculum, differences were noted between cell systems only on day 1 p.i., when HSV CPE was detected in all Effect of virus concentration on detection of HSV laboratory strains by CPE and IP staining. Next, cell monolayers in 24-well panels were infected with serial dilutions of HSV-1 strain 1745 and were examined as described in Materials and Methods, first for CPE and then by ABC-IP staining. At 8 h p.i., no reportable CPE was evident in any of the cell systems inoculated (Table 3) Effect of virus concentration on detection of HSV in clinical specimens by CPE and IP staining. HSV was then reisolated from 32 additional clinical specimens for which virus infectivity titers were simultaneously determined by plaque assay in ML cells. Seventeen specimens contained <50 PFU per 0.1-ml inoculum (range, 1 to 34 PFU), and 15 specimens contained >50 PFU per 0.1 ml (range, 90 to 40,000 PFU). Due to limited amounts of samples remaining for reisolation, only two time points could be evaluated. Twenty-four and 48 h p.i. were selected for this study as they are the most commonly recommended times in commercial kits.
With the 17 specimens containing <50 PFU per 0.1 ml, IP disadvantage is the lack of detection of other viruses which may be in the specimens (10) . A number of studies have compared these commercial kits with conventional isolation in cell culture (4, 8, 10, 11, 16, 17, 18, 20, 21) . In all except two reports (11, 20) , different cell cultures were used for the two methods (Table 5) . Despite using an inoculum that is three-to fivefold greater than that used for routine cell culture isolation, the kits have generally not been as sensitive as conventional culture observed for CPE for 7 to 10 days (Table 5 ). Our findings help to explain the differences in sensitivity noted in these studies. The first commerical kits that became available used Vero cells, which our study showed to be the least sensitive of all cell lines tested (a difference that was statistically significant despite the small numbers of specimens analyzed). Thus investigators who compared IP-staining kits using Vero cells with conventional cell cultures such as human diploid fibroblasts (4, 8, 21) , primary RK cells (17) , or ML cells (18) found the staining kits to be inferior. In the latter study, CPE alone in ML cells detected 65% of HSV isolates at 48 h p.i., compared with only 48% of isolates detected by IP staining in Vero cells. The one study that found IP staining more sensitive used Vero cells for both IP staining and conventional diagnosis (11) . A single study found a higher isolation rate with a Vero cell IP staining kit as compared with human fibroblasts (16) . This discrepancy might be explained by lower sensitivity of the strain of human cells used, differences in laboratory methods, and possibly less experience in conventional viral diagnostic techniques. Kits utilizing cell systems other than Vero cells have compared more favorably with conventional virus isolation (10, 20) . More recently, centrifugation of specimens onto cell monolayers in shell vials has been shown to significantly enhance the rapidity and sensitivity of HSV detection, particularly when used in conjunction with IP staining (7, 20) .
In the present study, low virus concentration in clinical specimens was found to bring out the differences in sensitivity between the four cell systems tested in terms of both the time to first detection of CPE and the overall isolation rate. These differences were most marked on day 1 p. (2, 3, 12, 14, 19 
